INTRODUCTION Fundoplication for laryngopharyngeal disease with oesophageal dysmotility has led to mixed outcomes. In the presence of preoperative dysphagia and oesophageal dysmotility, this procedure has engendered concern in certain regards. METHODS This paper describes a consecutive series of laryngopharyngeal reflux (LPR) patients with a high frequency of dysmotility. Patients were selected for surgery with 24-hour dual channel pH monitoring, oesophageal manometry and standardised reflux scintigraphy. RESULTS Following careful patient selection, 33 patients underwent fundoplication by laparoscopy. Surgery had high efficacy in symptom control and there was no adverse dysphagia. CONCLUSIONS Evidence of proximal reflux can select a group of patients for good results of fundoplication for atypical symptoms.
The 2006 Montreal consensus defined gastro-oesophageal reflux disease (GORD) as a condition that develops when reflux of stomach contents causes troublesome symptoms or complications. 1 Traditionally, patients have been identified with a range of extraoesophageal symptoms including cough, dysphonia, sore throat, atypical chest pain and pulmonary symptoms. 2 The non-specific nature of the symptoms has made diagnosis difficult. There is often no obvious heartburn or regurgitation. 3, 4 The accuracy of test results have been brought into question as pH catheters (previously considered the gold standard) do not record poorly acidic or non-acid regurgitation and without dual channel catheters, the upper oesophagus remains diagnostically obscure. 5 The success rates for surgery for laryngopharyngeal reflux (LPR) (predominantly chronic reflux cough) have therefore stalled at 60-70% in most series.
No unequivocal test has been available to confirm that laryngeal and pulmonary symptoms are caused by the presence of gastro-oesophageal reflux. Diagnostic issues continue. Impedance reflux technology has enabled the measurement of non-acidic and mildly acidic reflux events. [6] [7] [8] However, even this does not adequately demonstrate reflux into the pharynx, with at least one study showing substantial intraobserver error. [9] [10] [11] Selection of patients for surgery has been troubled by diagnostic difficulty and surgical series consequently have relatively poor outcomes. Identification of non-acidic proximal reflux by impedance may help improve this. [12] [13] [14] Results can be influenced in a multifactorial fashion by the difficulty of diagnostic selection, surgical variability (especially in the occasional operator) and the many other illnesses with similar symptomatology. Fundoplication has always concerned surgeons in the presence of dysphagia and this group of patients frequently present with dysphagia among the symptoms. Our report of a consecutive group of patients undergoing surgery for LPR predominant symptoms describes careful patient selection using reflux scintigraphy technology, 24-hour dual channel pH monitoring and an experienced multidisciplinary approach in a tertiary referral service. The uniquely evolved standardised scintigraphy is able to positively demonstrate pharyngeal or pulmonary contamination by reflux fluid.
Methods
The notes for a cohort of consecutive patients undergoing laparoscopic fundoplication during a four-year period for LPR predominant symptoms were extracted retrospectively from a prospectively populated database. The data were approved for reporting by the institutional ethics committee. Symptoms recorded were chronic cough (defined as existing for more than eight weeks' duration, with appropriate respiratory investigation), 15 dysphonia, throat clearing, sore throat, laryngospasm and clinical pulmonary aspiration as well as the typical GORD symptoms of heartburn dysphagia and regurgitation. Patients with continuing marked symptoms despite a double dose of proton pump inhibitors (PPIs) were offered surgery. Reflux scintigraphy and pH monitoring with manometry were performed. Clinical reassessment was undertaken three months following surgery using a standardised proforma (Appendix 1 -available online).
pH monitoring
Monitoring of pH was performed over 24 hours using antimony crystal dual channel catheters (Synectics Medical Inc., Stockholm, Sweden). A standard technique was employed as described elsewhere. 11, 12 The normal values for distal reflux were defined as pH >4, overall acid exposure <4% of total time and DeMeester composite score <14.7.
14 Any proximal reflux during the upright or supine period was considered abnormal.
Manometry
Stationery manometry was performed using a water perfused catheter (Dentsleeve, Mississauga, Ontario, Canada), as described elsewhere. 11, 12 Oesophageal motility was graded for effectiveness using a system similar to that of Kahrilas et al 16 but using four quartiles rather than three groups.
Scintigraphy
A standardised scintigraphy technique described elsewhere 17, 18 was employed, using technetium labelled pentetic acid in the initial erect and supine dynamic images. A delayed study was then obtained at two hours to evaluate the possibility of aspiration of refluxate into the lungs. Regions of interest were drawn over the pharynx and upper oesophagus, and time activity curves were generated for the erect and supine dynamic studies. These regions of interest were related back to the relevant background region of interest (Fig 1) .
Fundoplication
Fundoplication was performed by laparoscopy and crural repair was carried out posteriorly in all cases. A technique similar to the Nissen-Rossetti procedure was employed for 360°fundoplication while partial fundoplication was by the Toupet or anterior 270°technique. The fundoplication was calibrated with a 52Fr bougie (female) and a 56Fr bougie (male). Non-absorbable sutures were employed and the fundoplication was approximated using anterior sutures 1cm apart to create a short, floppy fundoplication with division of a variable number of short gastric vessels to achieve adequate lack of tension on the fundoplication. The repair was fixed to the diaphragm laterally by 'crown' sutures. Toupet partial fundoplication was undertaken in the standard fashion, and anterior fundoplication was performed with multiple sutures of the stomach to the oesophagus and right crus.
Statistical analysis
Non-parametric statistical methods for ordinal data were employed. Analysis of variance, the Wilcoxon signed-rank test and the Pearson correlation coefficient (two-tailed) were used to compare the data. Statistical analysis was performed with STATISTICA version 8 (StatSoft, Tulsa, OK, US). A p-value of <0.05 was considered statistically significant for the clinical, pH and manometry data owing to a higher standard deviation than the scintigraphy data, for which statistical significance was set at p<0.01. Dysphagia and quality of life scores were evaluated with the paired t-test, comparing preoperative versus early postoperative and late postoperative scores.
Selection for surgery
Patients were selected with intractable symptoms persisting on a double dose of PPIs for more than six weeks, with confirmed proximal reflux on pH study and/or scintigraphy, pulmonary aspiration or full length oesophageal reflux to the pharynx. Other diagnoses were excluded routinely using a multidisciplinary approach comprising an ear, nose and throat specialist, a respiratory physician, a chest x-ray or chest computed tomography, diagnosis and treatment of asthma, and avoidance of medication likely to precipitate cough.
Results
Over the course of the 4 years studied, fundoplication was performed in 33 patients (20 female) with a mean age of 57 years (range: 38-72 years). LPR symptoms were reported in 32 patients, 1 patient having severe heartburn and sinusitis. LPR and GORD symptoms were reported in 22 of the 33 patients. Symptoms included cough (n=25), heartburn (n=24), regurgitation (n=23), voice change (n=15), throat clearing (n=11), pulmonary aspiration (n=11), sore throat (n=10), globus (n=5) and laryngospasm (n=2). The mean duration of symptoms was 4.8 years (range: 6 months -22 years). Dysphagia was present in 24 patients (72%) preoperatively and severe in 15 patients (45%).
Surgical symptom control
Preoperative symptoms of LPR were eliminated in 27 patients (79%) following surgery and improved in a further 4, leading to a total good outcome for 31 patients (91%). Occasional chest pain and bloating was reported in four patients. There was reduction of cough in a further patient Figure 1 Scintigraphy showing pharyngeal contamination from 15 episodes per day to 2 episodes. Another two patients showed resolution of cough after surgery while taking PPIs but reappearance occurred on stopping medication. There was no relief of LPR symptoms in one patient; however, postoperative scintigraphy showed no evidence of gastro-oesophageal reflux. Two patients were lost to follow-up.
Dysphagia
As well as preoperatively, dysphagia was assessed in the early (10 days) and late (3 months) postoperative period. Prior to surgery, dysphagia was present in 24 patients, with no dysphagia reported by the remaining 9. In the early postoperative period, worsened dysphagia was present in 5 patients, 16 had experienced no change and 4 experienced new onset of dysphagia. No dysphagia was reported by five patients and there were inadequate data for three patients. Late postoperative assessment found dysphagia improved in 19 patients, with 11 being free of dysphagia and inadequate data available for 3 patients. There was no difference between preoperative and early postoperative dysphagia (p>0.05) but late postoperative dysphagia was significantly improved (t=-4.2, 95% confidence interval: -6.4--2.2, p<0.05). The mean preoperative and late postoperative scores for dysphagia and quality of life are shown in Table 1 .
pH monitoring
The results of distal pH studies were abnormal in all patients. The mean number of episodes of reflux in the distal oesophagus was 128 and in the upper oesophagus, it was 31. The mean acid exposure time in the distal oesophagus was 16.4% when upright and 20.4% when supine. In the proximal oesophagus, it was 1.6% when upright and 10.5% when supine. In six patients, abnormal proximal reflux was present only when supine. Conversely, 16 patients had proximal reflux when upright but not when supine. The remaining 11 patients experienced proximal reflux in both positions.
Manometry
The mean oesophageal sphincter pressure was 2.9mmHg (standard deviation: 5.0mmHg; normal: >18mmHg). Ineffective oesophageal motility (IEM) was found in 24 patients; 16 were classified as having severe IEM. There was no correlation between IEM and preoperative, early postoperative or late postoperative dysphagia because of the high overall frequency of motility disturbance among the 33 patients.
Scintigraphy
Gastro-oesophageal reflux was noted in all patients on imaging. Pulmonary aspiration was identified in 17 patients (52%) in the delayed study obtained at 2 hours after initiation of the erect and supine dynamic studies. Pharyngeal contamination with isotope was observed in 27 patients (82%). There was increasing scintigraphic activity in the pharynx over time in nine patients and this was highly predictive of pulmonary aspiration (p<0.01). Presence of isotope in the pharynx correlated strongly with total percentage of proximal acid exposure time over the 24 hours of pH monitoring (p<0.01). Pulmonary aspiration on scintigraphy correlated strongly with total proximal acid exposure on pH monitoring (p<0.01).
Discussion
Subjecting patients with LPR symptoms to scintigraphy and pH monitoring allows the prediction of successful response to fundoplication. Successful response is suggested by: a) rising pharyngeal time-activity curves or presence of pulmonary aspiration on scintigraphy; and/or b) abnormal total proximal or supine proximal acid exposure time on pH studies. The degree to which symptoms were controlled was substantially higher than that reported in other studies. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Despite previous concerns regarding surgery, our study has shown improved results. This may be partly due to patient selection using standardised reflux scintigraphy and the severe nature of the reflux of the patients referred to a tertiary antireflux service. The group was highly selected and investigated intensively by multiple specialists.
Cough and LPR symptoms may be caused by direct exposure to noxious agents resulting in a decreased cough threshold, 30 local inflammation, 31 subcellular tight junction abnormalities, pulmonary aspiration or asthma-like symptoms. However, there is good evidence for a further mechanism, a neurally mediated cause of this symptomatology (reflex), which would not be detected by scintigraphy. This group of patients would therefore not be selected for surgery and it may be that many patients were denied effective surgery as a result. Strong correlation existed between positive results for proximal pH testing and pharyngeal and pulmonary soiling, indicating substantial laryngopharyngeal soiling. Symptoms in the patient group in this study were caused by direct reflux damage rather than a neural reflex mechanism. The results obtained in this series are largely believed to be dependent on an experienced multidisciplinary approach to this condition in a dedicated antireflux surgical group. One cannot assume that such results would translate to a district hospital setting and general surgery. Patients with chronic cough in the community are likely to be an entirely different patient group and are therefore unlikely to benefit to the same extent. 11 There was a high rate of preoperative and postoperative dysphagia, and most patients suffered severe IEM. Despite Table 1 Comparison of mean quality of life and dysphagia scores before and after surgery 
Conclusions
Acceptable results for fundoplication in LPR patients can be obtained using a multidisciplinary approach including a standardised reflux scintigraphy technique, 24-hour dual channel pH monitoring and exclusion of alternative diagnoses. Dysphagia remains as a symptom preoperatively and postoperatively. There was a high rate of IEM in our patient group. This group was highly selected and one cannot therefore assume that our results are transferable to a community population with chronic cough.
